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Abstract 
 
 
Shelter Belt Effects on Soil Temperature and Moisture 
in the River Nile State - Sudan 
 
 
 
Hana  Kamal Osman 
 
The study was carried out in the River Nile State (latitude 16°-22°N, 
longitude 32°-36°E).In three shelterbelt sites: A-Wad Kilian shelterbelt; 
B-AlTragma Al Gaba shelterbelt; C-Al Abdotab shelterbelt. During May 2009 
to show the status quo of the shelterbelts and indicate their effect on soil 
temperature and soil moisture content. 
 Average heights of shelterbelts were measured to determine the distance 
between the belt and the sites from which soil samples were taken; distances  
were ,5xheight, 10xheight, 15xheight, 20xheight, 25xheight and 30xheight  
behind the belt, distances in front of the belt were, 2.5xheight, 5xheight and 
10xheight ; and one soil sample was taken from inside the belt to describe the 
soil within trees, soil temperature was taken in situ with a thermometer, soil 
samples were taken at 50 cm depth in polythene bags to measure soil moisture 
content in the laboratory later, sand dune heights were measured and tree crown 
projection measures were also taken. 
 The results showed increased soil moisture and decreased soil 
temperature particularly behind the shelterbelts. Moreover, sand dune 
accumulation was reduced in the vicinity of the belts. 
 It is recommended that shelterbelts and windbreaks should be established 
in arid and semi arid environment to protect against land degradation and 
desertification.       
 
 
 
 
 
 
 
IIIV 
 
 ﻣﺴﺘﺨﻠﺺ
 
  اﻟﺴﻮدان-ﻋﻠﻰ درﺟﺔ ﺣﺮارة و رﻃﻮﺑﺔ اﻟﺘﺮﺑﺔ ﻓﻲ وﻻﻳﺔ ﻧﻬﺮ اﻟﻨﻴﻞﺗﺄﺛﻴﺮات اﻷﺣﺰﻣﺔ اﻟﻮاﻗﻴﺔ 
 هﻨﺎء آﻤﺎل ﻋﺜﻤﺎن اﻟﺸﻴﺦ
 
ﻓﻲ ( ﺷﺮق 63°- 23°ﺷﻤﺎل، وﺧﻂ ﻃﻮل  22°-61°ﺧﻂ ﻋﺮض ) أﺟﺮﻳﺖ اﻟﺪراﺳﺔ ﻓﻲ وﻻﻳﺔ ﻧﻬﺮ اﻟﻨﻴﻞ
  -:ﺛﻼﺛﺔ ﻣﻮاﻗﻊ ﻟﻸﺣﺰﻣﺔ اﻟﻮاﻗﻴﺔ هﻲ
ﻹﺑﺮاز اﻟﺤﺎﻟﺔ  9002- ﻼل ﻣﺎﻳﻮﺧ .ﺣﺰام اﻟﻌﺒﺪوﺗﺎب -ج .   ﺣﺰام اﻟﺘﺮاﺟﻤﺔ اﻟﻐﺎﺑﺔ - ب.    ﺣﺰام وج آﻠﻴﺎن - أ 
  .اﻟﺮاهﻨﺔ ﻟﻸﺣﺰﻣﺔ اﻟﺸﺠﺮﻳﺔ ورﺻﺪ أﺛﺮهﺎ ﻋﻠﻰ ﺣﺮارة اﻟﺘﺮﺑﺔ وﻣﺴﺘﻮي اﻟﺮﻃﻮﺑﺔ ﻓﻲ اﻟﺘﺮﺑﺔ
ﺗﻢ ﻗﻴﺎس ﻣﺘﻮﺳﻂ إرﺗﻔﺎع  اﻷﺣﺰﻣﺔ وذﻟﻚ ﻟﺘﺤﺪﻳﺪ اﻟﻤﺴﺎﻓﺔ ﺑﻴﻦ اﻟﺤﺰام وﻣﻮاﻗﻊ أﺧﺬ ﻋﻴﻨﺎت اﻟﺘﺮﺑﺔ وآﺎﻧﺖ  
إرﺗﻔﺎع اﻟﺤﺰام ×03إرﺗﻔﺎع، ×52إرﺗﻔﺎع، ×02إرﺗﻔﺎع، ×51إرﺗﻔﺎع، ×01إرﺗﻔﺎع، × 5: ﻓﺎت آﺎﻵﺗﻲاﻟﻤﺴﺎ
آﻤﺎ أﺧﺬت ﻋﻴﻨﺔ . إرﺗﻔﺎع  اﻟﺤﺰام×01إرﺗﻔﺎع، ×5إرﺗﻔﺎع، ×5.2اﻟﻤﺴﺎﻓﺎت أﻣﺎم اﻟﺤﺰام آﺎﻧﺖ . ﺧﻠﻒ اﻟﺤﺰام
  .ﻣﻦ داﺧﻞ اﻟﺤﺰام ﻟﻮﺻﻒ اﻟﺘﺮﺑﺔ ﺑﻴﻦ اﻷﺷﺠﺎر
ﺳﻢ ﻓﻲ أآﻴﺎس  05ﺗﻢ ﻗﻴﺎس درﺟﺔ اﻟﺤﺮارة ﻓﻲ اﻟﻤﻮﻗﻊ ﺑﻤﻴﺰان ﺣﺮارة آﻤﺎ أﺧﺬت ﻋﻴﻨﺎت اﻟﺘﺮﺑﺔ ﻋﻠﻲ ﻋﻤﻖ 
آﻤﺎ ﺗﻢ ﻗﻴﺎس إرﺗﻔﺎع اﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ واﻧﺘﺸﺎر اﻟﺘﺎج . ﻧﺎﻳﻠﻮن وذﻟﻚ ﻟﺘﻌﻴﻴﻦ ﻧﺴﺒﺔ اﻟﺮﻃﻮﺑﺔ ﻓﻲ اﻟﻤﻌﻤﻞ ﻻﺣﻘًﺎ
  .  ﻟﻸﺷﺠﺎر
اﻟﺘﺮﺑﺔ ﺧﻠﻒ اﻟﺤﺰام آﻤﺎ أن ﺗﺮاآﻢ أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ زﻳﺎدة ﻧﺴﺒﺔ رﻃﻮﺑﺔ اﻟﺘﺮﺑﺔ وإﻧﺨﻔﺎض درﺟﺔ ﺣﺮارة 
  .اﻟﺮﻣﺎل اﻧﺨﻔﺾ ﻗﺮب اﻷﺣﺰﻣﺔ
ﺗﻮﺻﻰ اﻟﺪراﺳﺔ ﺑﺘﺄﺳﻴﺲ اﻷﺣﺰﻣﺔ اﻟﺸﺠﺮﻳﺔ وﻣﺼﺪات اﻟﺮﻳﺎح ﻓﻲ اﻟﺒﻴﺌﺎت اﻟﻘﺎﺣﻠﺔ وﺷﺒﻪ اﻟﻘﺎﺣﻠﺔ ﻟﻠﻮﻗﺎﻳﺔ ﻣﻦ 
  .  ﺗﺪهﻮر اﻷراﺿﻲ واﻟﺘﺼﺤﺮ
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Chapter  One 
Introduction 
 
Shelterbelts  consist  of  a  number  of  rows  of  trees  planted  across  
the  prevailing  wind  direction  to  reduce  wind  velocity  within  farm  
lands  and  around  buildings. 
Shelterbelts  have  beneficial  effects  on  crop  yields  through  reducing  
wind  velocity,  increasing  relative  humidity  and  suppressing  
evaporation  from  open  surfaces  (Hussein,  2006). 
Benefits  include  improved  soil  organic  matter,  recycling  plant  
nutrients,  improved  rain  infiltration,  catchments  protection  and  
provision  of  wildlife  habitats. 
Shelterbelts  influence  physical  factors:  wind  velocity,  evaporation-
transpiration  thus  crop  yields  get  affected. 
Usually  wind  speed  drops  to  30-40%  in  the  protected  field  and  the  
evaporation  power  reduced  to  10-15%. 
Most  studies  of  shelterbelts  effects  have  been  made  on  Russian  
steppes,  Canadian  prairies,  U.S.A  great  plain,  Danish,  Heathland  
and  Hungarian  plains  (Meir,  1982).  Rahamtalla  (1991)  stated  that  
shelterbelts  of  mesquite  in  the    Northern    region  were  planted  as  
early  as  the  1940s    in    the  irrigated  schemes    at    Nuri,  Kulud,  
Borgaig  and  Gandato.  In  1970s  large  shelterbelts  were  executed  in    
Zeidab    (Nile  province)  and  Kudruka  (Northern  province).  More  
work  was  done  in  the  Nile  province  after  1977  when  Sudan  
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Council  of  Churches  and  Sudan  Government  joint  afforestation  
project  was  started  (1977-1985). 
Rahamatalla  (1991)  stated  that  the  Forest  Research  Centre  (Soba)  
was  entrusted  to  implement  a  cost  sharing  shelterbelt  project  
between  the  International  Development  Research  Centre  of  Canada  
and  The  Government  of  Sudan;  the  project  started  in  1975  at  
Kerma  Basin  in  the  Northern  province,  the  duration  was  five  years  
which  extended  for  another  five  years.  The  objectives  were  to  
investigate  the  most  suitable  species  and  design  of  shelterbelt  that  
can  best  protect  land  and  agricultural  production. 
Large  scale  shelterbelts  are  valuable  in  all  agricultural  schemes  in  
the  Sudan  eg  Gezira,  Rahad,  New  Helfa,  El  Suki,  Western  Senar,  
Assalaya,  Kennna,  Managil.       
Shelterbelts  were  established  around  cities  eg  Khartoum,  El  Obied,  
El  Fashir,  Kassala,  Tokar  and  other  major  cities  (Hussein,  2006).  
Khartoum  shelterbelt  had  been  cut  for  residential  expansion.   
In  the  Nile  state  –as  one  of  the  desertification  prone  states–  
several  shelterbelts  had  been  established  viz: 
-Around  Shandi,  Matama  and  Atbara. 
-Aliab  and  Kaboushia  schemes. 
-Around  big  towns  eg  Gandato,  Keli,  Al  Gewer……etc. 
-Around  many  small  villages  :Al  Tragma  AlGaba,  Al  Tragma  AL  
Gria,  Al  Mesktab,Wad  kilian,  Al  Oshera,  Al  Abdotab,  Al  
Hemerab,  Al  Frahseen,  Al  Syal  ……etc. 
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-There  are  some  shelterbelts  near  AlDamar  and  Atbara  (NFC  
office,  El  Damer)  viz:   
Al  Thoura,  Al  Hasa,  Al  Roka,  Goz  Alhalab,  Al  
Mokabrab……..etc. 
Some  of  these  shelterbelts  had  been  uprooted  by  the  Government  
(Fighting  Mesquite  Project)  eg  Gandato  and  Keli  shelterbelts  (NFC  
office,  Matama). 
In  Al  Zeidab  scheme  all  shelterbelts  which  were  surround  the  
scheme  had  been  uprooted  by  farmers  except  small  area  in  the  
western  part  of  the  scheme  which  had  been  gazetted  by  a  farmer  
to  protect  his  people  and  land  from  sand. 
Sudan  had  many  afforestation  projects  during  the  last  four  decades  
particularly  in  the  desertification  prone  states.  Prominent  among  
these  projects  other  than  the  major  agricultural  schemes,  were  the  
following: 
-Karma  Basin  shelterbelts. 
-El  Daba  shelterbelt. 
-  Shelterbelts  and  windbreaks  at:  Shandi  –  Al  Matama  –  
Atbara(1977-1985). 
-Sudan  Finland  project  (1979-1993):  Rainfed  afforestation  in  the  
White  Nile  state,  Blue  Nile  and  Rahad  scheme. 
  -Gum  Arabic  belt:  North  Kordofan  (1990-1995),  Acacia  senegal  
reforestation  and  combating  desertification  through  community  
participation,  250.000  fedan  rehabilitated  covering  477  villages  as  
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an  extension  program,  similarly  with  North  Darfour  state  (1985-
1995). 
-Canadian  Project  (1981-1986):  social  forestry  White  Nile  state,  
Dinder  area  (rehabilitation,  wind  break,  sand  dune  fixation). 
-Fuel  wood  development  project:  irrigated  plantations  to  provide  
forest  products  for  rural  people  (1983-1987). 
-Afforestation  project  for  refugees  camps:  10.000  fedans  reforested  
at  Al  Showak  and  Abu  Rakham  (1983-1987). 
-Refugee  camps  reforestation  inside  reserved  forest  (18.278  fedans  
rainfed  and  686  fedans  irrigated  plantations). 
-Shelterbelt  project:  Northern  state  Dongola  (1987-1992)  protection  
of   
Al  Affad  basin:  windbreaks  and  forest  plantations  in  El  Silaim  
basin. 
-Extension  and  irrigated  plantations:  Nile  state  (Matama,  Shandi,  Al  
Damar,  Atbara  River  (1985-89):  Shelterbelts,  windbreaks,  extension,  
combating  desertification,  women  forests,  training  women  for  
combating  desertification  and  conserving  environment. 
 
-Afforestation  reforestation  in  Northern  and  Nile  States  (19871993): 
Protection  of  Alti  basin  agricultural  scheme  and  villages  along  
Atbara  and  Nile  course  from  sand  blow,  20  shelterbelts  were  
established  totaling  104.700  m. 
-Social  forestry  project  Northern  state  (1988-1995): 
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Forest  nurseries,  external  and  internal  shelterbelts,  windbreaks  72  
km  long. 
-Intensive  labour  project  (1988-1992): 
Shelterbelt  and  sand  dune  fixation  in  White  Nile  state. 
-South  Kassala  project  (1988-1992): 
Afforestation  and  rehabilitation,  Kassala  Development  project-
rehabilitation  of  Gash  Delta.   
-Forest  rehabilitation  project  Shandi  (1988-1995): 
Shelterbelts  design  and  establishment  and  sand  dune  fixation. 
-Gala  Nahal  Agricultural  Scheme  (1989-1997): 
Rehabilitation  of  riverine  forests,  hashab  gardens  and  agroforestry. 
-El  Getaina  shelterbelts  (1993-1995): 
Shelterbelts  for  protection  of  villages  and  agricultural  holdings  
from  sand. 
-Forest  Development  project  (1992-1996): 
Sudan  Council  of  Churches  and  Sudan  Government.  Afforestation  
project  (Nile  state). 
This  study  was  under  taken  to  indicate  the  status  quo  of  
shelterbelts  and  project  their  effects  on  soil  temperature  and  soil  
moisture. 
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Chapter  Two 
Literature  Review 
 
Shelterbelts  have  been  adopted  all  over  the  world  as  a  means  of  
improving  the  microclimate  and  countering  wind  erosion  and  other  
damages  caused  by  wind. 
 
2.1  Shelterbelt  Definitions: 
There  are  several  definitions  for  shelterbelts  viz: 
-  Shelterbelts  are  wind  strips  of  trees,  shrubs  and  grasses  planted  
in  rows  raised  at  right  angles  to  the  wind  direction  to  reduce  wind  
velocity  and  give  general  protection  to  roads,  canals,  agricultural  
fields,  the  woody  stems,  branches  and  thick  foliage  help  to  reduce  
wind  hazard  (Nair  ,1989). 
-According  to  Caborn  (1965)  shelterbelts  consist  of  a  number  of  
rows  of  trees(three  or  more)  planted  across  the  prevailing  wind  
direction  to  reduce  the  velocity  of  wind  within  farmland  or  around  
the  buildings.   
Windbreaks  are  one  or  two  rows  width. 
-Shelterbelts  may  also  be  constructed  of  non  vegetative  components  
such  as  cement  blocks,  wood  logs  …….etc.       
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2.2  Shelterbelt  Functions: 
2.2.1  Checking  Wind  Movement: 
When  wind  strikes  a  shelterbelt  perpendicularly,  its  velocity  is  
modified  on  both  sides  of  the  belt.  In  the  case  of  a  permeable  
shelterbelt  part  of  the  wind  penetrates  through  the  belt  while  the  
other  part  is  deflected  over  the  belt.  As  the  flow  has  been  
divided,  there  is  a  zone  of  reduced   
wind,  the  extent  of  which  depends  on  the  structure  and  the  height  
of  the  belt. 
When  the  shelter  is  impermeable  to  wind,  all  the  flow  is  deflected  
upwards,  over  the  belt,  leaving  a  reduced  wind  zone  downwards.  
As  no  flow  penetrates  through  the  belt,  the  pressure  in  the  leeward  
side  is  lowered,  causing  turbulence  to  leeward  which  will  result  in  
the  reduction  of  the  length  of  the  reduced  wind  zone.   
  An  impermeable  shelter  therefore  provides  a  great  degree  of  
shelter  immediately  to  leeward  but,  because  of  the  eddying  effect,  
it  gives  a  comparatively  short  zone  of  effective  shelter  (Bhimaya,  
1976). 
 
2.3  Shelterbelts  Efficiency: 
  The  efficiency  of  shelterbelts  depends  on  its  height,  density  
(permeability),  width,  length,  type  of  trees  and  on  the  direction  
and  strength  of  winds  (Bayoumi,  1993).The  surface  roughness  of  
the  surrounding  area  also  affects  wind  barrier  performance   
(Chepil  &  Woodruff,  1963;  FAO,  1978). 
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2.3.1  Effect  of  Height: 
The  extent  of  the  protected  distance  behind  a  shelterbelt  depends  
mainly  on  its  height,  the  greater  the  height  the  greater  the  
protected  distance  and  it  is  measured  in  multiples  of  the  height  
(H)  of  the  shelterbelt. 
Read(1964)  reported  that  when  the  wind  direction  is  at  right  
angles  to  the  long  axis  of  the  barrier,  wind  speed  to  the  leeward  
side  is  reduced  for  a  distance  up  to  20  times  the  average    height  
of  the  shelter    belt;  a  small  reduction  in  wind  velocity  is  extended  
to  30  times. 
Caborn  (1957)  stated  that  in  case  of  a  semi-permeable  shelterbelt,  
the  protected  distance  is  30  H,  ¼  being  on  the  wind-ward  side  
and  ¾  on  the  leeward  side.   
 
2.3.2  Effect  of  Density  (Permeability): 
Density  or  permeability  of  the  shelterbelt  is  the  total  area  of  gaps  
in  the  fence  area  of  shelterbelt  through  which  passes  the  air,  it  
could  be  expressed  as  a  percentage:- 
      Density (permeability) = Total area of gaps  *100    (Saleh,  1999)                       
                                                   Total fence area 
                                                                                           
Permeability  is  one  of  the  windbreak  characteristics  and  has  an  
important  role  in  its  efficiency.  It  can  be  estimated  optically  or  
measured  particularly. 
Permeability  varies  with  the  objectives  of  the  windbreak,  and  it  is  
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considered  as  optimum  if  it  is  30-40%  and  if  the  gaps  are  
distributed  in  a  homogenous  way. 
The  decrease  in  wind  speed  just  behind  the  impermeable  
windbreak  is  bigger  by  10-20%  than  in  the  case  of  permeable  
barrier,  however  the  depth  of  the  protected  zone  of  the  permeable  
barrier  is  much  more  bigger.  (Abido,  1991). 
The  speed  of  wind  in  front  of  an  impermeable  barrier  is  decreased  
to  40%  of  its  original  value  and  it  is  zero  just  behind  the  barrier.  
The  wind  starts  to  regain  its  original  speed  after  a  short  distance  
behind  the  barrier  to  reach  60%  of  its  original  value  at  a  distance  
of  10  H  from  the  barrier.  It  will  reach  its  original  speed  at  a  
distance  of  30-45  H.  The  decrease  in  wind  speed  in  front  of  a  
permeable  barrier  is  60%  of  its  original  value  and  80-90%  of  its  
original  value  just  after  the  barrier.  (Abido,  1991).         
 
2.3.3  Effect  of  Width,  Shape  and  Cross  Section: 
Width  of  shelterbelts  may  vary  according  to  the  area  to  be  
protected.  According  to  Caborn  (1957)  narrow  belts  with  smooth  
vertical  walls  offer  sufficient  protection  in  South  Dakota,  but  wider  
belt  of  more  than 
  5  to  10  meters  are  preferred  in  many  climates.  In  this  respects   
Al  Mutawa  (1985)  stated  that  windbreaks  wider  than  5  heights  
may  actually  be  less  effective  than  narrow  ones.  Single  rows  of  
one  species  have  no  safety  factor  because  dead  trees  may  leave  
gaps  in  a  single  row  and  seriously  reduce  windbreak  efficiency.  
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Furthermore  Al  Mutawa  (1985)  stated  that  the  most  effective  width  
for  windbreaks  is  when  its  width  is  equal  to  its  height  while  
nearly  vertical  cross-sectional  area  will  give  greater  wind  velocity  
reduction  than  inclined  cross-sectional  ones. 
 
2.3.4  Effect  of  Direction: 
The  decrease  of  wind  speed  is  greater  when  the  Windbreaks  are  
perpendicular  to  the  direction  of  the  prevailing  winds  or  at  a  
deviation  angle  of  30°-40°  ,  the  role  of  the  windbreak  and  it’s  
efficiency  after  that  degree  will  change  to  that  of  an  impermeable  
barrier  instead  of  a  permeable  one  (Abido,1991). 
 
2.3.5  Effect  of  Type,  Layout  and  Structure  of  Shelterbelt: 
The  type  and  the  structure  of  shelterbelts  depend  on  the  purpose  
for  which  they  are  constructed.  The  overall  shelterbelt  system  
should  consist  of  a  pattern  if  the  prevailing  wind  blows  essentially  
in  one  direction  or  in  opposite  directions.  A  series  of  parallel  
shelterbelts  at  right  angles  to  wind  direction  should  be  established. 
An  interval  between  individual  shelterbelt  may  be  taken  up  to  20  
times  the  height  of  the  tallest  mature  trees.  (Bayoumi,  1976,  
Caborn,  1957). 
Caborn  (1957)  reported  that  the  width  of  shelterbelt  is  determined  
by  availability  of  land  and  its  value,  degree  of  exposure  and  its  
relation  to  growth  factors.  In  some  cases  narrow  shelterbelts  are  
impracticable. 
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Windbreaks  need  to  be  very  carefully  located  to  maximize  their  
effect.   
 
2.4.  Effects  of  wind: 
Winds  have  different  effects  on  vegetation,  livestock  and  soils  
depending  on  velocity  and  direction  viz: 
-At  10-15  km/h,  the  wind  affects  soil  movement,  reduces  
pollination  and  insect  activity. 
-At  20  km/h,  mechanical  damage  of  plant  occurs;  there  is  increase  
in  transpiration  and  evaporation  (Al  Mutawa,  1985).  Other  
damaging  effect  of  wind  (Abed  el  Maged,  1995)  Are: 
-  Inhabiting  germination  of  seeds. 
  -  Increasing  crop  water  requirements  due  to  excessive  
transpiration. 
  -  Reducing  the  efficiency  of  irrigation  systems  through  filling  of  
irrigation  canals  by  sand  and  hence  increasing  the  dredging  and  
maintenance  operation  (E.g.  Gezira  Scheme,  Zeidab  Scheme  …  
ect). 
  -  Affect  land  levelling  which  hinder  gravity  irrigation  and  change  
physical  and  chemical  properties  of  the  soil,  thus  reducing  soil  
fertility. 
  -Caussing  River  bank  erosion  (haddam)  which  destroys  irrigation  
pump  sites  and  erodes  agricultural  lands  into  the  Nile.     
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2.4  Windbreak  Effects:             
  Windbreaks  have  many  different  effects:- 
 
2.4.1  On  Wind  Velocity:                                     
Windbreaks  alter  the  strength,  direction  and  degree  of  turbulence  
of  air  flow.  The  amount  of  extent  of  reduction  in  wind  speed  and  
strength  depends  on  the  characteristics  of  windbreak.  Height,  
permeability,  shape,  width,  length,  type  and  age  of  trees  have  an  
important  bearing  on  the  extent  and  degree  of  protection  but  
height  is  the  most  important  factor  determining  the  extent  of  
protection  (Al  Matawa,  1985). 
When  the  wind  direction  is  at  right  angles  to  the  long  axis  of  a  
tree  barrier,  wind  speed  to  lee  ward  side  is  significantly  reduced  
for  distances  up  to  30  times  the  height  (H)  of  the  windbreak.  i.e.  
30  H  (Read,  1964;  Abido,  1991).  The  percentage  of  reduction  in  
wind  velocity  at  any  particular  (H)  distance  from  a  dense  
windbreak  is  relatively  constant  and  doesn’t  depend  on  how  hard  
the  wind  blows.  (Al  Matawa,  1985).                                                     
 
2.4.2  On  Air  Temperature:     
In  the  Middle  East  climate  Abido  (1991)  stated  that  the  degree  of  
temperature  is  higher  in  the  protected  area  than  in  the  open  
(unprotected)  area  after  sunrise.  The  temperature  during  the  after  
noon  period,  in  both  protected  and  unprotected  area  are  nearly  
equal.  At  dawn  the  air  near  the  ground  surface  gets  cooler  in  the  
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protected  areas. 
In  general,  the  daily  average  temperature  in  the  protected  area  is  
higher  by  1.3°  C  than  in  the  open  area;  this  difference  may  
sometimes  reach        6°  C  especially  in  the  case  of  dense  
windbreaks. 
 
 
2.4.3  On  Relative  Humidity: 
  The  effect  of  windbreaks  on  relative  humidity  varies  with  several  
factors  like  soil  moisture,  evaporation,  evapotranspiration  and  wind  
velocity  on  one  hand  and  on  the  time  of  the  day,  vegetative  cover  
and  the  climatic  conditions  on  the  other  hand. 
 
2.4.4  On  Soil  Moisture: 
The  effect  of  windbreak  on  the  water  balance  of  the  soil  (soil  
moisture)  is  often  more  important  than  wind  reduction.  It  is  
governed  by  the  type  of  soil,  natural  vegetation,  the  agricultural  
purpose  of  the  area,  the  climatic  conditions,  type  of  windbreak  and  
the  microclimate. 
In  arid  regions,  windbreaks  save  the  moisture  (from  rainfall  or  
irrigation)  in  the  soil.  Al  Mutawa  (1985)  reported  that  protected  
soil  may  have  up  to  7%  more  moisture  than  unprotected  ones.  He  
further  stated  that  the  reduction  of  the  evapotranspiration  in  the  
windbreak  itself  or  adjacent  plants  are  usually  one  of  the  most  
evident  effects  of  windbreaks  not  only  during  hot  periods  but  also  
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in  cool  wet  ones.  The  grater  soil  moisture  in  the  protected  areas  
can  be  seen  in  cases  where  windbreaks  are  planted  for  better  crop  
production,  also  the  number  of  hours  in  which  the  soil  was  dry  
can  be  reduced  as  a  result  of  windbreaks   
(Al  Mutawa,1985). 
 
2.4.5  On  Evaporation: 
Reduction  of  wind  velocity  reduces  evaporation  from  both  open  
water  surfaces  and  soil  surfaces,  particularly  during  seasons  of  high  
temperatures  and  reduce  water  loss  from  irrigation  canals  and  from  
sprinkler  irrigation  systems.  Salih  (1967)  using  a  bamboo  screen  3  
m  high,  112  m  long  and  of  50%  permeability,  reported  a  
reduction  in  wind  speed  and  evaporation  under  the  Gezira  
condition  (Table  2.1). 
 
Table  (2.1):  Bamboo  screen  shelter  effects  on  evaporation  and  
wind  speed  in  Gezira  scheme 
Distances  from  screen  in  
meters 
5m 12m 24m 
Wind  reduction 47% 18-20% 6% 
Evaporation  reduction   15-20% 6-18% 8% 
Source:  Salih  (1967) 
           
2.4.6  On  Trapping  Sands: 
Sand  particles  are  blown  by  wind  from  place  to  another  until  
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deposited  against  a  barrier.  According  to  Mohammed  (1991)  the  
Eucalyptus  belt  effect  on  wind  speed  is  reflected  in  the  decreasing  
amount  of  sand  caught  with  distance  from  the  edge  at  Seheimab  
(North  Western  of  Gezira  scheme).  Moreover,  the  measurements  
showed  that  significant  windward  reduction  is  limited  to  the  zone  
less  than  3  H  in  front  of  the  edge  of  the  belt,  while  significant  
leeward  reduction  extended  to  11  H.     
 
2.4.7  On  Crop  Yields: 
Shelterbelts  greatly  influence  agriculture  under  semi-arid  conditions  
and  the  crops  derive  many  benefits  from  them.  There  is  agreement  
among  research  workers  on  the  positive  role  of  shelterbelt  in  
increasing  crop  yields.  Shelterbelts  protect  crops  from  being  
covered  by  sand;  hence  used  in  arid  and  semi-arid  areas  as  an  
effective  measure  for  combating  drought.  Consequently  productivity  
of  areas  previously  susceptible  to  annual  yield  fluctuation  is  greatly  
enhanced  and  made  more  predictable  through  ameliorating  the  
climatic  condition  to  the  effect  that  greatest  crop  response  is  
include  in  dry  seasons  (Saleem,  1975). 
Shelterbelts  through  their  leaf  shedding  assist  in  building  up  and  
replenishing  soil  organic  matter  and  other  nutrients  and  through  the  
action  of  their  deep  roots. 
Due  to  the  reduction  of  wind  speed  and  turbulence,  evaporation,  
radiant  energy  and  moisture  stress  are  reduced  with  a  consequent  
higher  humidity  and  marked  increase  in  photosynthesis  of  the  
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plant.  Thus  plant  growth  and  yields  are  higher  in  sheltered  areas  
than  in  the  open  area.   
Bayoumi  (1976)  stated  that  conditions  behind  the  shelterbelt  are  
more  favorable  for  crop  growth  than  in  the  open  unsheltered  
fields.   
Russian  experience  with  cotton  is  that  in  the  protected  areas  
germination  was  earlier  and  with  higher  percentage;  plants  had  two  
buds  and  1.5  bolls  more  than  in  the  open  field;  yield  was  
increased  by  10-30%  for  cotten,    20-30%    for  cereals,  50-70%  for  
melons  and  100%  for  sown  grasses. 
In  Egypt,  the  following  increase  in  crop  yields  were  reported:  
cotton  35%,  wheat  38%,  summer  maize  47%,  Nile  maize  13%  and  
rice  10%. 
In  Sudan  increases  of  69%  and  117%  in  cotton  yield  per  feddan  
in  sheltered  farms  of  Zaidab  Agricultural  Scheme  were  reported  
(Rahamtalla,  1991).  Mahjoub  (2004)  reported  that  yield  of  
horticultural  crops  increased  in  the  site  fenced  with  wire  fencing  
and  a  line  of  tree  belt  (Acacia  mellifera)  by  33.9%  for  eggplant  
(Solanum  melongena),  32.7  for  kidney  bean  (Phaseolus  vulgaris),  
29.8%  for  potato  (Solanum  tuberosum),  29.4  %  for  snake  
cucumber  (Cucmis  melo,L.,var.flexuosus)  and  15.4  %  for  sweet  
pepper  (Capsicum  annum)  in  the  research  farm  of  Shandi  
University,  River  Nile  State.   
Baumer  and  Ben  Salem  (1985)  reported  that  through  properly  
planning  and  establishing  windbreaks  and  shelterbelts,  yield  of  
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agricultural   
crops  could  be  increased  substantially  by  10-20%  depending  upon  
climatic  condition  and  crop  requirement  for  shelter.  The  effect  of  
shelterbelt  is  greater  as  the  climate  becomes  more  severe. 
           
2.5  The  Use  of  Shelterbelts: 
Shelterbelts  have  been  recommended  in  many  countries  such  as  
Denmark,  Britain,  Austria,  Canada,  China,  U.S.A  and  India.    
shelterbelts  have  been  found  effective  on  sites  where  tree  growth  
and  establishment  are  feasible. 
Shelterbelts  have  been  found  extremely  useful  in  improving  the  
microclimate,  thus  increasing  productivity  of  agricultural  land  
especially  in  arid  and  semi-arid  regions.  Shelterbelts  provide  
protection  against  loss  of  arable  land  by  sand  encroachment,  they  
also  protect  range  land  and  provide  protection  against  cyclones  in  
humid  regions  and  stabilization  of  canal  banks  in  farm  lands  
(Mann,  1985).Shelterbelts  also  furnish  shelter  and  food  for  wildlife  
and  domestic  animals,  and  provide  fuel  wood  and  building  poles  
and  timber  products. 
 
2.6  Species  Selection: 
Tree  and  shrub  species  to  be  used  in  Windbreaks  should  be  well  
adapted  to  the  soil  and  climate  of  the  area  .In  addition,  the  trees  
and  shrubs  selected  for  windbreak  planting  should  posses  the  
following  characteristics: 
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-Resistance  to  the  force  of  wind. 
-Rapid  height  growth. 
-Straight  stems,  wind  firmness,  dense  and  uniform  crown. 
-Deep  root  systems,  which  don’t  spread  into  agricultural  field  
(laterally  rooted  species  can  compete  with  crops  and  forage  
resource  they  are  supposed  to  protect). 
  -Resistance  to  drought,  diseases,  insects  and  other  pests. 
  -Value  for  wood  or  non-wood  products. 
Although  the  use  of  one  tree  or  shrub  species  simplifies  the  
subsequent  management  of  windbreaks,  it  is  not  often  that  one  
species  which  will  have  all  the  above  characteristics.  Also  as  
previously  mentioned,  a  combination  of  two  or  more  trees  or  shrub  
species  is  frequently  needed  to  provide  adequate  protection. 
As  a  matter  of  policy,  however,  authorities  in  the  locality  should  
be  consulted  before  an  extensive  planting  program  is  taken. 
In  recent  years,  efforts  have  been  initiated  to  genetically  improve  
tree  and  shrub  species  to  be  planted  in  windbreaks  (Cunningham,  
1988),  but  this  work  has  been  limited  to  only  a  few  species. 
   
2.7  Planting  Techniques: 
Planting  techniques  for  windbreaks  are  similar  to  those  used  in  
other  tree  and  shrub  planting  programs  in  dry  land  regions.  Hand  
planting  is  common,  although  mechanized  planting  machines  and  
cultivators  might  be  justified  in  extensive  windbreak  planting  
program  .As  tree  and  shrubs  in  windbreaks  require  high  survival  
 18
rates  and  uniform  and  rapid  growth,  watering  or  supplementary  
irrigation  can  be  required  during  the  establishment  and  initial  
growth  phase.  The  soil  should  be  well  prepared  and  a  permanent  
source  of  water  must  be  assured,  for  watering  and  irrigation  to  be  
successful  (Ffolliott  et  al,  1995). 
Gaps  in  planting  cannot  be  tolerated.  Replacement  planting  should  
be  considered  when  trees  or  shrubs  are  lost,  especially  in  case  
where  the  elapsed  time  from  the  original  planting  is  relatively  
short  and  therefore,   
replanting  will  allow  the  general  integrity  of  the  windbreak  to  be  
retained. 
 
2.8  Management  Considerations: 
That  windbreaks  are  effective  in  improving  the  live  hood  of  
people  is  demonstrated  by  many  reports  of  net  increases  in  
agricultural  crop  production  as  a  result  of  windbreak  plantings  
(Kort,  1988).Windbreaks  can  become  ineffective,  even  when  the  
barriers  have  been  designed  properly,  if  they  are  managed  poorly. 
The  management  of  windbreaks  should  focus  on  maintaining  and  
improving  the  growth  and  vigor  of  individual  trees  and  shrubs  and  
the  structure  of  windbreaks  in  their  entirety  so  that  their  function  
as  effective  barriers  in  reducing  wind  velocities  is  maintained   
(Salem,  1985).    Management  practices  are  prescribed  to  meet  these  
and  other  objectives  of  windbreaks  plantings  that  involve  the  
timely  applications  of  cultural  treatment,  rehabilitative  measures  and  
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renewal  prescriptions.       
 
2.9  Cultural  Treatments: 
As  trees  and  shrubs  in  windbreaks  mature  they  change  in  shape  
and  appearance,  which  often  necessitates  some  form  of  cultural  
treatment  to  ensure  continuation  of  the  sheltering  effect.  Pruning  
might  be  used  to  stimulate  height  growth;  eliminate  multiple  stems  
and  leaders;  remove  branch  wood  that  has  been  damaged  by  wind,  
insects  or  diseases  or  provide  release  for  adjacent  rows  in  
multiple-row  windbreaks.  Many  species  prune  themselves  naturally  
when  growing  in  close  association,  while  others,  such  as  poplars,  
can  require  regular  pruning  to  obtain  clear  stems  free  of  branches.  
Trees  and  shrubs  that  coppice  readily  generally  require  the  most  
intensive  pruning  schedules.  The  removal  of  trees  or  shrubs  by  
thinning  can  be  required  to  keep  a  windbreak  at  the  desired  
barrier  density. 
Cultural  treatments  are  dictated  largely  by  the  need  to  attain  the  
desired  barrier  density  and  species  composition  of  the  windbreak. 
When  a  windbreak  has  been  established  on  lands  where  livestock  
are  allowed  to  graze  freely,  protection  of  barrier  is  required.  
Protection  from  fire  and  insects  must  be  considered. 
 
2.10  Rehabilitation  Measures: 
Rehabilitation  measures  are  applied  to  windbreaks  that  become  
ineffective  because  of  reduced  foliage  density.  Two  commonly  
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employed  techniques  are  additional  plantings  and  the  pruning  of  
established  trees  or  shrubs  to  stimulate  coppice  growth   
(Ffolliott  et  al,  1995). 
 
2.11  Renewal: 
A  windbreak  has  a  life  span  that  is  dependant  on  the  status  of  
trees  or  shrubs  of  which  it  is  composed.  After  trees  or  shrubs  start  
to  decline  in  growth  and  vigor  or  begin  to  die-even  preferably  
before  this  stage  is  reached-a  renewal  program  should  begin.  
Felling  rows  on  the  leeward  side  and  then  replanting  them  often  is  
recommended  to  renew  a  windbreak  consisting  of  many  rows  
(Salem,  1985).  If  the  windbreak  consists  of  one-row  a  new  one  
can  be  planted  parallel  to  the  old  one,  and  when  it  has  matured,  
the  old  one  is  removed.  To  renew  narrow  windbreaks  arranged  in  
a  network,  new  windbreaks  can  be  planted  between  the  existing  
barriers,  which  then  are  removed  when  the  new  windbreaks  
become  effective. 
 
  2.12  Advantages  and  Disadvantages: 
Bhimaya  (1976)  mentioned  that  the  main  benefit  of  shelterbelts  is  
the  increased  crop  yields.  Disadvantages  include  some  risk  of  
insect  harboring,  possible  interference  with  large  machinery,  
irrigation  equipment  and  waste  of  water  by  transpiration.  These  
disadvantages  are  not  significant  compared  to  the  advantages. 
Bhimaya  (1976)  stated  that  the  major  disadvantage  of  shelterbelt  is  
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that  they  reduce  the  area  of  land  for  cropping.  This  varies  between  
1-8%  depending  on  the  distribution  and  purpose  of  the  shelterbelt.   
In  the  immediate  vicinity  of  the  shelterbelt  crops  may  suffer  from  
shading,  competition  for  soil  moisture  by  roots  of  the  trees  and  
from  overheating  during  the  hot  period  of  the  year.  Where  
shelterbelts  have  to  be  irrigated  they  compete  with  crops  for  
irrigation  water.  However  all  studies  have  shown  that  advantages  
of  shelterbelt  out  weigh  their  drawbacks.           
 
2.13  World  Experience:   
America,  Denmark  and  Russia  are  leading  the  development  of  a  
scientific  approach  to  the  technique  of  planting  forest  belts  and  
narrow  strips  of  trees  for  shelter  against  wind  and  storms.  Their  
problems  were  of  similar  nature  since  they  were  all  mainly  
concerned  with  land  reclamation  of  arable  farming  of  vast  areas  
where  the  chief  limiting  factor  to  plant  growth  was  moisture.         
In  the  prairies,  Heathland  and  steppes  regions,  shelterbelts  were  
established  with  the  objectives  of  conserving  soil  moisture  by  
reducing  evaporation  and  wind  erosion  of  the  light  friable  soils  
and  by  controlling  the  distribution  of  later  on  melting  snow  in  
steppes  of  prairies.  As  these  large  scale  projects  were  successfully  
developed,  scientific  research  on  the  influence  of  shelterbelts  on  
the  physical  factors  of  the  microclimate  was  accelerated. 
Many  other  countries  including  Great  Britain  had  for  a  long  time  
accepted  the  shelterbelts  and  hedge  rows  as  a  necessary  feature  of  
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an  agricultural  country  side.     
In  Germany,  Hungary  and  Switzerland  the  advantages  of  
shelterbelts  were  published  during  the  early  nineteen  century  and  
the  observation  of  many  writers  in  this  connection  have  since  been  
confirmed  by  scientific  research. 
It  is  also  mentioned  by  Caborn  (1957)  that  increase  in  yield  of  
agricultural  and  horticultural  crops  due  to  shelterbelts  have  been  
reported  from  Argentine,  France,  Hungary,  Italy,  Japan,  and  
Sardinia.   
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Chapter  Three 
Materials  and  Methods 
 
3-1  Materials: 
The  study  was  carried  out  in  shelterbelts  in  the  River  Nile  state  
viz: 
   
1  -  Wad  Kilian  shelterbelt: 
It  is  located  in  the  Eastern  bank  of  the  river  Nile,  south  of  Shandi  
town.  The  belt  was  established  in  1990  by  SOS  Sahel  International  
UK;  it  consists  of  4  rows  of  mesquite  (Prosopis  chilensis)  at  a  
spacing  of  2x2  m  and  it  is  extends  for  1.5  km  on  the  Northern  
side  of  the  village.   
 
2  -Al  Tragma  Al  Gaba  shelterbelt: 
It  is  located  in  the  Eastern  bank  of  the  river  Nile,  north  of  Shandi  
town.  There  is  a  group  of  belts;  they  were  established  in  1989  by  
SOS  Sahel  International  UK  viz: 
a-The  Northern  belt:  Which  extends  for  500  m. 
It  consists  of  two  belts:  The  outer  belt  (4  rows)  and  the  inner  belt  
(3  rows).  Spacing  in  both  belts  is  2x2  m.  The  space  between  the  
two  belts  is  10  m.           
b-The  Western  belt: 
It  consists  of  3  rows  of  mesquite,  at  spacing  of  2x2  m.  It    
extends  for  650  m. 
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There  is  a  small  belt  which  consists  of  two  rows  and  extends  for  
300  m  at  a  spacing  of  2x2  m.  This  belt  runs  parallel  to  the  
Western  belt  and  both  are  vertical  on  the  Northern  belt. 
 
3  -Al  Abdotab  shelterbelt: 
It  is  located  in  the  Western  bank  of  the  river  Nile,  north  of  Al  
Matamma.  The  belt  consists  of  6  rows  of  mesquite  at  a  spacing  of  
2x2  m,  it  extends  for  450  m.  The  belt  was  established  in  1988  by  
SOS  Sahel  International  UK.   
The  villages  covered  were  small,  thinly  populated  with  minimum  
services.  Women  labour  was  given  incentives  in  the  form  of  
vegetable  and  fruit  seeds  for  cultivating  between  the  tree  rows.  
Moreover  the  villagers  utilize  the  belts  for  keeping  their  domestic  
animals.           
 
3-2  Methods: 
The  field  work  included  the  following: 
i. Average  heights:   
Trees  were  selected  randomly  from  each  row  according  to  the  row  
density,  tree  heights  were  measured  in  meters  by  a  Haga  meters  
and  the  average  height  for  each  belt  was  computed  (Appendix  1).     
 
a) Wad  Kilian  shelterbelt: 
Two  trees  were  selected  from  each  row  except  the  second  row  in  
which  4  trees  were  selected  .All  together  10  trees. 
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b) Al  Tragma  Al  Gaba  shelterbelt: 
Measurements  were  done  in  the  Northern  belt  viz: 
? Outer  belt:   
First  row:  two  trees  were  selected. 
Second  and  Third  rows:  three  trees  were  selected  from  each. 
Fourth  row:  four  trees  were  selected. 
? Inner  belt: 
First  and  Second  rows:  three  trees  were  selected  from  each. 
Third  row:  two  trees  were  selected. 
A  total  of  20  trees  were  measured  in  this  belt. 
 
c) Al  Abdotab  shelterbelt: 
Five  trees  were  selected  from  each  row.  A  total  of  30  trees. 
 
ii. Crown  projection:  was  measured  in  meters  along  two  axes  
and  the  average  computed  (Appendix  2). 
iii. Sand  dune  heights:  were  measured  at  three  points  –center  
and  edges  for                                                                                   
                    sketching. 
iv. Soil  samples:  were  collected  as  follows: 
                  In  each  shelterbelt  50  cm  deep  pits  were  dug  at  the  
following  distances:  2.5H,  5H  and  10H  on  the  windward  
side;5H,  10H,  15H,  20H,  25H  and  30H  on  the  leeward  side.  
And  one  pit  was  dug  in  the  middle  of  the  belt  to  describe  
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the  soil  within  trees.   
v. Soil  temperature:  was  measured  in  situ  at  50  cm  depth  with  
an  ordinary  thermometer  then  soil  samples  were  collected  in  
polythene  bags  and  transported  to  the  laboratory  of  Shandi  
University  for  analysis. 
 
Laboratory  work  was  done  as  follows: 
From  each  sample,  two  grams  sub-samples  were  taken  in  Petri  
dishes  for  determination  of  soil  moisture  content.  The  sub-samples  
were  oven  dried  at  105˚  c  for  16  hours.  Then  transported  to  the  
discator  for  two  hours  and  left  to  cool  before  reweight. 
The  soil  moisture  content  per  sample  was  recorded  as  two  grams  
minus  sample  weight  after  oven  drying.  The  moisture  content  was   
recorded  as  percent  of  the  field  sample.     
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CHAPTER  FOUR 
RESULTS  and  DISCUSSION 
4-1  Shelterbelt  effect  on  soil  temperature: 
4-1-1 Wad  Kilian  Shelterbelt: 
In  front  of  the  shelterbelt  (windward  side)  soil  temperature  
increased  away  from  the  belt  and  decreased  towards  the  belt  
(Table  4-1,  Figure  4-1  )  viz: Soil    temperature  at  10x  belt  height,  
39.8°C,  at  5x  belt  height,  39.5°C  and  at  2.5  x  belt  heights  was  
39.2°C.  Inside  the  belt  (within  trees)  soil  temperature  was  35.5°C.  
Behind  the  belt  (leeward  side)  soil  temperature  increased  away  
from  the  belt  and  decreased  towards  the  belt  viz: At  5x  belt  
height,  37.2°C,  at  10x  belt  height,  38.0°C,  at  15x  belt  height,  
38.4°C,  at  20x  belt  height  39.0°C,  at  25x  height  belt,  39.4°C  and  
at  30x  belt  height,  39.9°C.  The  lowest  soil  temperature  was  35.5°C  
inside  the  belt;  the  highest  soil  temperature  was  39.9°C  at  30x  belt  
height. 
Table  4-1  Shelterbelt  effect  on  soil  temperature  at  Wad  kilian: 
Distance  from  the  belt  (m) Soil  temperature  (°C) 
Windward      10H             (26  m) 39.8 
Windward      5H              (13  m) 39.5 
Windward      2.5H            (6.5  m) 39.2 
Inside  Belt   35.5 
Leeward          5H              (13  m) 37.2 
Leeward        10H            (26  m) 38.0 
Leeward        15H            (39  m) 38.4 
Leeward        20H            (52  m) 39.0 
Leeward        25H            (65  m) 39.4 
Leeward        30H          (78  m) 39.9 
            The  belt  height  (H)  =2.6  m. 
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Figure  (4-1): 
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Shelterbelt  effect  on  soil  temperature  (°C)  at  Wad  Kilian. 
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4-1-2 Al  Tragma  Al  Gaba  shelterbelt: 
  In  front  of  the  belt  (windward  side)  soil  temperature  increased  
away  from  the  belt  and  decreased  towards  the  belt  (Table  4-2,  
Figure  4-2)  viz:   
At  10x  belt  height  soil  temperature  was  38.8°C  and  at  2.5x  belt  
height  was  38.5°C. 
Inside  the  belt  within  trees,  soil  temperature  was  37.3°C. 
Behind  the  belt  soil  temperature  increased  away  from  the  belt  and  
decreased  towards  the  belt  viz:   
At  5x  belt  height,  37.5°C,  at  10x  belt  height,  37.6°C,  at    15xbelt  
height,  37.7°C,  at  20x  belt  height  39.9°C,  at  25x  height  belt,  
38.2°C  and  at  30x  belt  height  ,  39.0°C. 
The  lowest  soil  temperature  was  37.3°C  inside  the  belt;  the  highest  
soil  temperature  was  39.0°C  at  30x  belt  height  in  the  leeward  
side. 
  Table  4-2  Shelterbelt  effect  on  soil  temperature  at  Al  Tragma  Al  
Gaba: 
Distance  from  the  belt  (m) Soil  temperature  (°C) 
Windward      10H             (49  m) 38.8 
Windward      2.5H           (12.25  m) 38.5 
Inside  Belt   37.3 
Leeward          5H              (24.5  m) 37.5 
Leeward        10H            (49  m) 37.6 
Leeward        15H            (73.5  m) 37.7 
Leeward        20H            (98  m) 39.9 
Leeward        25H            (122.5  m) 38.2 
Leeward        30H            (147  m) 39.0 
          The  belt  height  (H)  =  4.9  m. 
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Figure  (4-2): 
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Shelterbelt  effect  on  soil  temperature  (°C)  at  Al  Tragma  Al  Gaba. 
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4-1-3 Al  Abdotab  Shelterbelt: 
In  front  of  the  shelterbelt  (windward  side)  soil  temperature  
increased  away  the  belt  and  decreased  towards  the  belt  (Table  4-3,  
Figure  4-3)  viz: 
  At  10x  belt  height,  37.9°C,  at  5x  belt  height,  37.0°C,  at  2.5x  
belt  height  was  35.8°C. 
  Inside  the  belt  (within  trees)  soil  temperature  was  34.8°C. 
  Behind  the  belt  (leeward  side)  soil  temperature  increased  away  
the  belt  and  decreased  towards  the  belt  viz:  At  5x  belt  height,  
35.2°C,  at  10x  belt  height,  35.6°C,  at  15x  belt  height,  35.9°C,  at  
20x  belt  height  36°C,  at  25x  height  belt,  36.5°C  and  at  30x  belt  
height  ,  38.0°C. 
The  lowest  temperature  was  34.8°C  inside  the  belt;  the  highest  soil  
temperature  was  38.0°C  at  30x  belt  height  on  the  leeward  side. 
 
          Table  4-3  Shelterbelt  effect  on  soil  temperature  at  Al  
Abdotab: 
Distance  from  the  belt  (m) Soil  temperature  (°C) 
Windward      10H              (60  m) 37.9 
Windward      5H              (30  m) 37.0 
Windward      2.5H            (15  m) 35.8 
Inside  Belt   34.8 
Leeward          5H              (30  m) 35.2 
Leeward        10H            (60  m) 35.6 
Leeward        15H            (90  m) 35.9 
Leeward        20H            (120  m) 36.0 
Leeward        25H            (150  m) 36.5 
Leeward        30H            (180  m) 38.0 
          The  belt  height  (H)  =6  m. 
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Figure  (4-3): 
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Shelterbelt  effect  on  soil  temperature  (°C)  at  Al  Abdotab. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 30
4-2  Shelterbelt  effect  on  soil  moisture: 
4-2-1 Wad  kilian  Shelterbelt: 
  In  front  of  the  belt  soil  moisture  percentage  increased  towards  the  
belt  and  decreased  away  from  the  belt  (Table  4-4,  Figure  4-4)  viz:   
At  10x  belt  height,  0.01%,  at  5xbelt  height,  0.02%  and  at  2.5x  
belt  height  was,  0.11%. 
Inside  the  belt  (within  tress)  soil  moisture  was,  0.33%. 
Behind  the  belt  (leeward  side)  soil  moisture  percentage  increased   
towards  the  belt  and  decreased  away  from  the  belt  viz: 
At  5x  belt  height  ,  0.19%,  at  10x  belt  height  ,  0.19%,  at  15x  belt  
height,  0.04%,  at  20x  belt  height  ,  0.03%,  at  25x  belt  height  ,  
0.02%,  at  30x  belt  height  ,  0.01%. 
 
        Table  4-4  Shelterbelt  effect  on  soil  moisture  percentage  at  
Wad  kilian: 
       The  belt  height  (H)  =  2.6  m. 
 
 
Distance  from  the  belt  (m) Soil  moisture  (%) 
Windward      10H              (26  m) 0.01 
Windward      5H                  (13  m) 0.02 
Windward      2.5H            (6.5  m) 0.11 
Inside  Belt   0.33 
Leeward          5H              (13  m) 0.19 
Leeward        10H            (26  m) 0.19 
Leeward        15H            (39  m) 0.04 
Leeward        20H            (52  m) 0.03 
Leeward        25H            (65  m) 0.02 
Leeward        30H            (78  m) 0.01 
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Figure  (4-4): 
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Shelterbelt  effect  on  soil  moisture  (%)  at  Wad  Kilian. 
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4-2-2 Al  Tragma  Al  Gaba  Shelterbelt: 
In  front  of  the  belt  soil  moisture  percentage  (windward  side)  
increased  towards  the  belt  and  decreased  away  from  the  belt  
(Table  4-5,  Figure  4-5)  viz: 
At  10x  belt  height,  0.09%,  and  at  2.5x  belt  height,  0.12%. 
Inside  the  belt  soil  moisture  percentage  was,  0.63%. 
Behind  the  belt  (leeward  side)  soil  moisture  percentage  increased  
near  the  belt  and  decreased  away  from  the  belt  viz:  At  5x  belt  
height,  0.29%,  at  10x  belt  height,  0.13%,  at  15x  belt  height,  
0.10%,  at  20x  belt  height,  0.09%,  at  25x  belt  height,  0.08%,  at  
30x  belt  height,  0.06%. 
 
Table  4-5  Shelterbelt  effect  on  soil  moisture  percentage  at   
Al  Tragma  Al  Gaba: 
Distance  from  the  belt  (m) Soil  moisture  (%) 
Windward      10H              (49  m) 0.09 
Windward      2.5H            (12.25  m) 0.12 
Inside  Belt   0.63 
Leeward          5H              (24.5  m) 0.29 
Leeward        10H            (49  m) 0.13 
Leeward        15H            (73.5  m) 0.10 
Leeward        20H            (98  m) 0.09 
Leeward        25H            (122.5  m) 0.08 
Leeward        30H            (147  m) 0.06 
          The  belt  height  (H)  =  4.9  m. 
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Figure  (4-5): 
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4-2-3 Al  Abdotab  Shelterbelt: 
In  front  of  the  belt  soil  moisture  percentage  increased  towards  the  
belt  and  decreased  away  from  the  belt  (Table  4-6,  Figure  4-6)  viz: 
At  10x  belt  height,  0.01%,  at  5x  belt  height,  0.01%,  at  2.5  belt  
height,                                                                                  0.02%. 
Inside  the  belt  (within  tress)  soil  moisture  was  0.26%. 
Behind  the  belt  (leeward  side)  soil  moisture  increased  towards  the  
belt  and  decreased  away  from  the  belt  viz:  At  5x  belt  height,  
0.24%,  at  10x  belt  height,  0.14%,  at  15x  belt  height,   
0.08%,  at  20x  belt  height,  0.04%,  at  25x  belt  height,  0.03%  and  
at  30x  belt  height,  0.01%.   
   
Table  4-6  Shelterbelt  effect  on  soil  moisture  percentage  at   
Al  Abdotab: 
Distance  from  the  belt  (m) Soil  moisture  (%) 
Windward      10H              (60  m) 0.01 
Windward      5H                  (30  m) 0.01 
Windward      2.5H            (15  m) 0.02 
Inside  Belt   0.26 
Leeward          5H              (30  m) 0.24 
Leeward        10H            (60  m) 0.14 
Leeward        15H            (90  m) 0.08 
Leeward        20H            (120  m) 0.04 
Leeward        25H            (150  m) 0.03 
Leeward        30H            (180  m) 0.01 
          The  belt  height  (H)  =  6  m. 
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Figure  (4-6): 
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4-3  Sand  Dune  Heights: 
Sand  dune  heights  ranged  between  1.5  m  and  6.5  m,  the  general  
trend  was  West  →    East  being  highest  at  Wad  Kilian,  lowest  at  
Al  Tragma  Al  Gaba  (Table  4-7).  At  Al  Abdotab,  the  dune  crest  
was  almost  flat;  this  may  indicate  weak  wind  blow  at  this  site.   
 
Table  4-7  Sand  dune  heights: 
Shelterbelt  Name Height  (m) 
 
Wad  Kilian 
West  Edge Center Eastern  Edge 
6.50 5.00 2.50 
Al  Tragma  Al  Gaba 4.50 3.50 1.50 
Al  Abdotab 5.00 4.50 5.00 
 
4-4  Local  Community  Perception: 
Villagers  appreciated  the  benefits  of  shelterbelts  particularly  
protecting  their  dwelling  from  creeping  sands  and  sheltering  their  
animals.  Mesquite  trees  are  the  best  species  for  the  purpose. 
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CHAPTER  FIVE 
CONCLUSIONS  and  RECOMMENDATION 
 
The  study  has  indicated  the  following: 
 A-  Soil  temperature  is  reduced  behind  shelterbelts  compared  with  
unprotected  ground. 
 B-  Soil  moisture  percentage  is  increased  behind  the  shelterbelt  
relative  to  the  unprotected  bare  land. 
It  is  recommended    that    shelterbelts  be    established    all    over    
the    Nile    State    using  the  appropriate  tree  species  such  as  
Mesquite,  Acacia  tree…est.,  to    safe    guard    against    sand    
dunes    and    desertification.             
 38
References 
 
 
Abdel Magid, T.D. (1995). Prospects of Irrigated Eucalyptus Plantations in  
               Irrigated Agricultural Schemes. The Case of Abdel Magid Scheme, 
               Gezria. Msc thesis, Institute of Environmental Studies, University 
               of Khartoum. 
 
Al Motawa, Subhi (1985). Influence of Shelterbelts. University of Kuwait. 
 
Baumer, M.C. and Ben Salem (1985). Role of Forestry in The Control  
               of Desertification, Sand Dune Stabilization, Shelterbelts and     
                Afforestation in Dry Zones, FAO Conservation Guide No. 10, 
                Rome. 
 
Bayoumi, A.A. (1967). The Role of Shelterbelts in Sudanese Irrigated 
               Schemes with Particular Reference to The Gezira. Sudan silva 
               No. 22, vol. 111: 25-38. 
 
Bhimaya, C.P. (1967). Shelterbelt Function and Uses in Conservation  in                                
               Arid and Semi Arid Zones .FAO Conservation Guide 3, Rome. 
 
Caborn, J.M. (1957): Shelterbelts and Microclimate. Forestry Commission  
             Buletin No. 29, Her Majestry Stationary Office, Edinburgh. 
 
Cabron, J.M. (1965): Shelterbelt and Windbreaks. Faber and Faber, London. 
 
Chepil, W.S., Woodruff, N.P. (1963): The Physics of Wind Erosion and  
               It’s Control. Advances in Agronomy 15. 
 
Cunningham, R.A. (1988). Genetic Improvement of Trees and Shrubs Used 
               in Windbreaks. New York. 
 
F.A.O (1978): Soil Erosion by Wind and Measures for It’s Control, Rome. 
 
Ffolliott, F.P, Brooks, k. N, Lundgren, A. l, Gregersen, H.M. (1995). Dry                               
Land forestry Planning and Management, Windbreak Plantings and                
Sand Dune Stabilization. 
 
 39
  Hussein, S.G. (2006). Affrostation in Arid Lands with Particular Reference 
To The Sudan-Khartoum University Press. 
 
Kort, J.R. (1988). Benefits of Windbreaks in Field and Forage Crops. 
 
Mann, H.S. (1985). Wind Erosion and It’s Control in Conservation Guide  
              No. 10, DANIDA, F.A.O, Rome. 
 
Meir, B. (1982). The Importance of Wind Shelterbelts in Arid Zones           
Agriculture. Proceedings of The First Arab Agrometeorological                                  
Training Seminar, Damascus-May 1982. 
 
Mohammed, A.E. (1991). Effects of Eucalyptus Shelterbelts on Sand 
               Movement at Sihaimab- North West Gezira. Ph. D Thesis, 
               University Of Gezira.    
  
Nair, P.K.R. ( 1989). Agroforestry Systems in The Tropics. Kluwer  
Academic Publishers, ICRAF, Nairobi. 
 
Rahamtalla, M.A. (1991). Some Environmental and Socio-economic  
               Impacts of The Established Mesquite Belt At Zaidab Agricultural   
               Scheme, Nile Province. M.sc Thesis, Institute of Environmental 
               Studies, University Of Khartoum. 
 
Read, R.A. (1964). Tree Windbreak for Central Great Plains. USDA Forest  
                Service, Agricultural Handbook No 250. 
 
Saleem, A.A. (1975). The Significance and Importance of Shelterbelt in            
    Sudan. Sudan silva No. 20, vol: 11. 4-6. 
 
Saleh, A.S.A. (1999). The Effect of Windbreaks on Citrus sinensis on           
Shabwa and Marib Governtates of Eastern Yemen. M.sc thesis, 
University of Khartoum.             
 
Salem, B.B. (1985). Mangment and Renewal of Shelterbelts. In  
Conservation Guide No. 10, F.A.O, Rome. 
 
Salih, A.A. (1976). Meteorological Report on Windbreaks. Gezira Research 
               Station, Wad Medani, Sudan. 
 
04 
 
  -ﺗﻮزﻳﻌﻬﺎ - ﺗﺼﻤﻴﻤﻬﺎ - ﺗﺄﺛﻴﺮاﺗﻬﺎ -أﻏﺮاﺿﻬﺎ-اﻷﺣﺰﻣﺔ اﻟﻮاﻗﻴﺔ(. 3991) ﺑﻴﻮﻣﻲ، ﻋﺒﺪ اﻟﻌﺰﻳﺰ ﻣﺤﻤﺪ ﺳﻌﻴﺪ
  .    اﻟﺨﺮﻃﻮم -اﻟﻬﻴﺌﺔ اﻟﻘﻮﻣﻴﺔ ﻟﻠﻐﺎﺑﺎت. إدارﺗﻬﺎ -أﺿﺮارهﺎ -ﻓﻮاﺋﺪهﺎ - أﻧﻮاﻋﻬﺎ         
 
  - آﻠﻴﺔ اﻟﺰراﻋﺔ - ﻣﻨﺸﻮرات ﺟﺎﻣﻌﺔ ﺗﺸﺮﻳﻦ -اﻷﺳﻴﺠﺔ وﻣﺼﺪات اﻟﺮﻳﺎح(. 1991) ﻋﺒﻴﺪو، ﻣﺤﻤﺪ
  . اﻟﺠﻤﻬﻮرﻳﺔ اﻟﻌﺮﺑﻴﺔ اﻟﺴﻮرﻳﺔ         
 
  ﺗﺄﺛﻴﺮ ﻣﺼﺪات اﻟﺮﻳﺎح ﻋﻠﻲ ﻧﻤﺆ وإﻧﺘﺎﺟﻴﺔ ﺑﻌﺾ اﻟﻤﺤﺎﺻﻴﻞ اﻟﺒﺴﺘﺎﻧﻴﺔ (. 4002)ﻣﺤﺠﻮب، رﺣﺎب ﺣﺴﻦ
  ﻣﻌﻬﺪ دراﺳﺎت اﻟﺘﺼﺤﺮ واﺳﺘﺰراع  -ﻣﺎﺟﺴﺘﻴﺮ اﺳﺘﺰراع اﻟﺼﺤﺮاء - ﻓﻲ ﺑﻴﺌﺔ ﺻﺤﺮاوﻳﺔ         
  . ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم - اﻟﺼﺤﺮاء        
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Appendix (1) 
Tree height and Average height of shelterbelts 
 
 
 
1.1 Wad Kilian shelterbelt: 
 
Row No. Tree height (m) 
1 3.00 
3.50
2 2.50 
2.75 
1.70
1.50 
3 2.00
2.00 
4 4.50 
3.00
Average Height 2.60 
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1.2 Al Tragma Al Gaba shelterbelt: 
 
 Row No. Tree height (m) 
Outer belt 1 5.50 
5.00 
2 6.00 
7.00 
6.50 
3 5.00 
6.25 
5.50 
4 4.50 
4.00 
3.50 
3.75 
Inner belt 1 4.50 
3.00 
2.50 
2 5.25 
6.50 
4.50 
3 4.30 
4.70 
Average height 4.90 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 43
1.3 Al Abdotab shelterbelt: 
Row No. Tree height (m)
1 6.75 
5.50 
6.75
6.75 
5.50 
2 6.75
5.75 
5.50
5.50 
5.50 
3 6.75
6.25 
6.75
5.75 
5.85 
4 5.70
6.25 
5.50 
5.75
5.50 
5 6.75
5.50 
6.50 
6.75
6.75 
6 5.50 
5.50 
6.75 
6.50 
6.75 
Average height 6
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Appendix (2) 
Crown Projection of shelterbelts 
 
 
 
2.1Wad Kilian shelterbelt: 
 
Row No. NS EW Average (m)
1 4.60 3.70 4.15 
5 5.60 6.30 
2 4.00 4.20 4.10 
3.70 4.00 3.85 
2.20 1.50 1.85 
1.25 2.00 1.63 
3 3.50 4.60 4.05 
1.90 3.50 2.70 
4 8.10 7.25 7.67 
8.20 7.40 7.80 
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2.2 Al Tragma Al Gaba shelterbelt: 
 
 Row No. NS EW Average (m) 
Outer belt 1 3.00 4.00 3.50 
2.50 3.50 3.00 
2 4.20 5.50 4.85 
6.00 7.10 6.55 
6.00 5.00 5.50 
3 5.70 4.30 5.00 
5.80 4.20 5.00 
6.00 4.50 5.25 
4 5.50 4.00 4.75 
2.50 2.00 4.75 
3.00 2.50 2.75 
3.25 3.00 3.13 
Inner belt 1 3.75 4.50 4.13 
3.00 2.50 2.25 
2.30 3.00 2.65 
2 6.75 4.25 5.50 
5.90 4.10 5.00 
5.30 3.70 4.50 
3 5.40 3.75 4.03 
5.60 4.25 4.43 
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2.3 Al Abdotab shelterbelt: 
 
Row No. NS EW Average (m) 
1 5.00 5.25 5.13 
4.00 6.00 5.50 
4.50 5.00 4.75 
5.50 6.50 6.00 
3.50 4.75 4.13 
2 5.25 6.50 5.68 
5.50 4.70 4.10 
5.75 4.50 5.13 
4.30 5.00 4.15 
4.75 5.25 5.00 
3 5.00 4.50 4.25 
6.00 4.25 5.13 
4.75 5.25 5.00 
3.00 4.50 3.25 
6.00 5.30 5.65 
4 4.50 3.75 4.13 
6.00 5.50 5.25 
4.00 3.75 3.68 
5.00 4.75 4.68 
6.00 4.75 5.38 
5 5.00 3.50 4.25 
4.25 5.30 4.78 
7.00 5.50 6.25 
3.50 4.75 4.13 
4.50 3.90 4.20 
6 4.50 3.90 4.20 
5.20 4.90 5.05 
5.30 3.90 4.60 
6.00 4.75 5.38 
5.80 4.50 5.15 
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Appendix(3) 
 
 
3a- Sand creeping into residential sites (Wad Kilian). 
 
 
3b- Misquite shelterbelt controlling sand creep (Wad Kilian). 
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3c- Misquite shelterbelt (Al taragma Al gaba). 
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3d- Regeneration of an old shelter wood of misquite trees advance of sand 
creep is checked by the belt (Al abdotab). 
 
 
3e- Misquite shelterbelt controlling sand movement (Al abdotab). 
 
 50
3f- On the way to Al abdotab shelterbelt. 
 
 
